Objectives: recent studies have reported that hospitals have become a common place of death for nursing home residents. This study aimed to (i) measure variations in the proportion of in-hospital deaths across regions after adjustment for facilitylevel characteristics and (ii) identify environmental risk factors that might explain these variations in France. Design: a cross-sectional retrospective survey was conducted in 2013. Setting and participants: coordinating physicians in 3,705 nursing homes in France. Measurements: a regression model was used to construct risk-adjusted rates of in-hospital deaths considering the facilities' characteristics. At the regional level, the outcome was defined as the difference between the observed rate of in-hospital deaths and the expected risk-adjusted rate. Values exceeding zero indicated rates that exceeded the national predicted rate of inhospital deaths and thus highlighted regions in which the risk-adjusted probability for nursing home residents to die in a hospital was greater than average. Results: among 70,119 nursing home decedents, 25.4% (n = 17,789) died in hospitals. The characteristics of the facilities had a significant influence on the proportion of in-hospital deaths among the nursing home decedents. However, after adjustment for these facility-level risk factors, the proportion of nursing homes that reported worse-than-average outcomes showed significant variation (range 26.0-79.6%). At the regional level, both the rate of acute hospital beds and the rate of general practitioners were found to be strongly correlated with the probability of reporting worse-than-average outcomes (P < 0.001). Conclusion: our study demonstrates the existence of major differences across regions in France and highlights the need for targeted interventions regarding end-of-life care in nursing home facilities.
Introduction
Nursing homes have become a common place of death for frail older people. In France, only 5% of all deaths occurred in a residential facility in 1975, but this proportion rose to 12% in 2011 (26% for individuals aged 90 and over) [1] . In addition, previous research indicates that 54 to 64% of people who die in nursing homes suffer from a serious life-threatening illness that might require a palliative care approach [2, 3] .
Yet, several recent studies have raised concerns about frequent unplanned hospital admissions of end-of-life residents.
These transitions are not only costly but also often medically inappropriate [4, 5] and may lead to over-aggressive treatments and potentially harmful prescribing [6] [7] [8] . They are also often in disagreement with residents' and relatives' preferences [9, 10] .
Still, a recent nationwide French study reported that 30% of nursing home residents were transferred to a hospital during their last weeks of life [11] . In the United States, literature shows that hospitals have also become a common place of death for nursing home residents (20%) [12, 13] and that residents with dementia are less likely to die in a hospital [14] . It has also been estimated that almost 50% of hospital admissions for nursing home residents in their last year of life are for potentially avoidable conditions [15] . In Canada, it has been reported that 19-25% of all deaths of nursing home residents occur in hospitals [16, 17] . A German study reported even higher numbers: 58% of all residents were transferred at least once to an acute hospital during their last month of life and 29% of the decedents died in hospital settings [18] .
However, there is only little evidence about regional variations in the place of death of nursing home residents and even fewer evidence about the sources of these geographical variations [13] . Yet, in France as in many countries, social and healthcare policies (including nursing homes regulations) are managed by regional or state authorities. Thus, displaying these variations and identifying potential risk factors would be of major interest to help public policy makers reducing geographical inequities.
Therefore, this study aimed (i) to measure variations in the proportion of in-hospital deaths across regions after adjustment for facility-level characteristics, and (ii) to identify environmental risk factors that might explain these variations in France.
Methods

Study design
This study is based on a cross-sectional retrospective survey that was conducted among all nursing homes in France in 2013, resulting in a sample of 3,705 facilities (crude national response rate 53.7%). To ensure the representativeness of the study sample, we compared the characteristics of the participating nursing homes with the 2011 official inventory of the French Ministry for Health, showing that the ownership, the number of beds and the proportion of hospital-based facilities were found to be highly similar (P > 0.05). By using a paper standardised form, coordinating physicians were asked to describe the organisation of end-of-life care in their nursing home facility and to report the place of death of all residents who died between 1 January and 31 December 2012 (i.e. nursing home, hospital, palliative care unit or other place).
Study population
In total, 74,988 residents who died during the study period and who resided in a nursing home (n = 3,685 facilities) were identified. We excluded decedents who died in facilities in the French overseas territories or in Corse (n = 217). Records with major inconsistencies (n = 4,343) or missing values (n = 645) were also excluded. Finally, we used weighting factors accounting for facility characteristics and regional distribution of the facilities in order to adjust the sample on the basis of the most recent (2011) official inventory of the French Ministry for Health. Our final sample consisted of 70,119 deaths, which occurred in 3,444 nursing homes (93.5% of the initial sample).
Variables
Outcome variable
In this study, the outcome variable was the place of death, defined as death in a hospital (= 1) or death in another place (= 0). Death in a hospital was defined as occurring within an acute or a rehabilitation facility-excluding hospital-based long-term care units and palliative care units.
Facility-level risk factors
In France, characteristics of nursing homes can be very different from one region to another, depending on the local cultural context. Thus, to produce meaningful regional comparisons, hospital death rates should be adjusted for the underlying characteristics of the facilities. Previous studies have found that ownership, number of beds, hospital affiliation and nurse staffing resources are highly predictive of hospitalisation at the end of life and death in a hospital [15] [16] [17] 19] . We also included several other relevant facilitylevel factors: the presence of a nurse at night, the presence of an attending geriatrician (full-time equivalent), the Average Functional Disability Score, the Average Burden of Care Score and the average annual number of deaths.
Region-level risk factors
Based on previous studies focused on the general French population [20] , we selected four ecological indicators found to be associated with the likelihood of dying in a hospital and computed them as independent variables: the number of acute-hospital beds, the number of nursing home beds, the number of community general practitioners (each calculated for 1,000 inhabitants aged 75 or older), and the average standard of living of people aged 75 and older. These regional indicators were entered into the model as continuous variables, while their quartiles (low, medium, high and very high) were considered as binary nominal variables.
Statistical analyses
The analysis was performed in several steps, and was partially based on a methodology developed by Mukamel et al. [12] . First, the sample was randomly split into two equal parts: a risk-adjustment model was developed on the first set of data ('development set'), then tested and validated in the second part ('validation set') to assess its predictive ability and to avoid 'overfitting'. We eliminated risk factors with P-values >0.2 and/or with known risk of collinearity with other variables and verified that the P-value for their joint exclusion from the model was superior to 0.2. Deviance and area under the ROC curve (AUC) were used as estimates of goodness of fit. The final risk estimates were measured for the whole dataset by using a logistic binomial regression model. This model was used to predict the rates of in-hospital deaths considering the facilities' underlying characteristics. In the second step, data were aggregated for each region in France. The main indicator was defined as the difference between the observed outcome rates and the expected risk-adjusted rates (i.e. the average of the predicted probabilities for all facilities within a region). Values exceeding zero indicate rates that exceed the national predicted rate of hospital deaths and thus highlight regions in which the risk-adjusted probability for the nursing home residents to die in a hospital is greater than average. Finally, the third step of this study consisted in two consecutive analyses. At first, a logistic regression model was fit at the facility level to compare the likelihood of having worse-than-average outcomes across the different regions categorised into quartiles and graphed on a national map. Then, logistic regression models were fit (using both categorical and continuous covariates) to examine the association between regional characteristics and the likelihood of having worse-than-average outcomes at the facility-level. Deviance and AUC were used as proxy to assess goodness of fit.
Results
Proportion of in-hospital deaths among nursing home decedents
Among 70,119 nursing home residents who died between 1 January and 31 December 2012 in France, 25.4% (n = 17,789) died in hospitals. Table 1 presents the variation according to the characteristics of the facilities.
Risk-adjustment model
Most variables were highly significant in the development model. Nevertheless, several risk factors were excluded during the validation step; they did not remain significant at the 0.2 level and the goodness of fit was worse than in the development set (AUC = 0.554 and 0.562, respectively). Additionally, 271 facilities had not registered at least one of the risk factor variables and were therefore excluded from the validation sample.
The final model was based on six facility characteristics. The average difference between the observed and the estimated in-hospital deaths rates at the facility level was −0.0018. Both standard deviation (SD = 0.169) and range (min = −0.392; max = 0.785) indicated an important variability within the sample and thereby confirmed the possibility to use this indicator as a discriminant outcome for comparisons between nursing homes. At the national level, 44.3% (n = 1,404) of the nursing homes had a worse-than-predicted outcome, i.e. an observed proportion of in-hospital deaths that exceeded their predicted risk-adjusted outcome. The final risk-adjustment model is available in Supplementary data Appendix 1, available in Age and Ageing online.
Regional discrepancies
We found significant discrepancies across regions. Most of the variation in the distribution of in-hospital deaths among nursing home residents remained after adjustment for facilitylevel characteristics. Regions with the highest in-hospital deaths rates ( Figure 1A) were also the regions with the largest differences between observed and estimated risk-adjusted in-hospital deaths ( Figure 1B ). These regions were mainly located in the northern part of France.
Compared with nursing homes in Languedoc-Roussillon (a region in southern France used as reference category), nursing homes in the northern regions were considerably more likely to report poorer outcomes in terms of in-hospital deaths. These northern regions also registered the highest proportions of nursing homes in the fourth quartile of worsethan-predicted in-hospital deaths (≥9.7%) and the lowest proportions of nursing homes in the first quartile (≤−11.9%). On the contrary, four regions were found to have no significant outcomes in comparison with the region of reference Languedoc-Roussillon (P ≥ 0.05), most of these regions being located in the western part of France (Supplementary data Appendix 2, available in Age and Ageing online). Table 2 summarises the results of a binary logistic regression analysis that was performed with categorical covariates to examine the association between four region characteristics and the likelihood of having worse-than-average outcomes at the facility level. Both the rate of acute hospital beds and the rate of general practitioners were found to be strongly correlated with the probability of reporting worse-than-average outcomes. In contrast, two other ecological indicators (ratio of nursing home beds and average standard of living of older people) proved to be poorly associated with facility-level outcomes (Supplementary data Appendix 3, available in Age and Ageing online).
Regional-level risk factors
To obtain a more detailed assessment, a second logistic regression model was fit using the ecological indicators as independent continuous variables. As reported in Supplementary data Appendix 3, available in Age and Ageing online, apart from the average standard of living of older people, regional indicators were found to be significantly associated not only with the likelihood of having worse-than-average outcomes at the facility level, but also with the likelihood of belonging to the best or to the worst quartile. However, while the ratio of acute hospital beds appears to be strongly correlated to these outcomes (P < 0.0001), the ratio of nursing homes' beds and the ratio of general practitioners have a smaller-although significant-and negative impact on the odds of belonging to the first or to the fourth quartile (P < 0.001). Finally, even if statistically significant at the 0.05 level, the average standard of living of older people was found to have only a very slight negative effect on the likelihood of having a higher-than-expected rate of in-hospital deaths (−0.00005, standard error = 0.00002).
Discussion
Main findings
In our sample of 70,119 nursing home decedents in France in 2012, a quarter (25.4%) of all deaths occurred in hospitals.
This finding is very similar to reports from Canada (19 to 25% [16, 17] ) and from Germany (29% [18] ), and slightly higher than from the United States (20% [13] ) or from the United Kingdom (20% [21] ). However, the frequency of in-hospital deaths in France appears to be much lower than in Japan (64%), although it should be acknowledged that the nursing resources of Japanese care homes are not comparable with French facilities [22] [23] [24] . However, in Belgium (Flanders), only 10% of the residents with dementia died in a hospital [25] .
Consistently with recent studies focusing on either hospitalisation at the end of life or in-hospital deaths, residents living in for-profit facilities were more likely to die in a hospital in comparison with those who lived in public or nonprofit institutions [15] [16] [17] . We also found that the proportion of in-hospital deaths was lower in nursing homes attached to a hospital. As suggested in previous studies, this may be explained by geographical proximity to specialised geriatric expertise and quick access to round-the-clock care [15] .
Facility-level characteristics had a significant influence on the proportion of in-hospital deaths among the nursing home decedents in France. However, some of these nursing home characteristics are difficult to alter, for example, facilities have very little control over their size, their ownership, their location outside of a hospital or their average disability score. Therefore, we aimed to adjust for these facility-level risk factors in order to produce more meaningful comparisons across regions. Mukamel and colleagues' recent work on end-of-life care quality measures for nursing homes brought strong evidence that place of death and worse-than-average in-hospital death rate were relevant and valid indicators, despite the need for further research to refine these quality measures [12] . After adjustment for the facility-level risk factors, our results show major differences across regions in France. The proportion of facilities that reported worse-thanaverage in-hospital death rates was highest in the northern regions. Multivariable analyses showed that nursing homes located in regions with a very high ratio of acute hospital beds and a low ratio of general practitioners were more likely to report worse-than-average outcomes. This appears to be consistent with previous research based on the general population in France [1, 20] and in other European countries [26] [27] [28] . However, to our knowledge, this is the first study to specifically investigate the influence of environmental factors (including availability of medical care) on the place of death of nursing home residents. In a recent study about site of death among nursing home residents in the United States, Temkin-Greener et al. reported substantial variation across states and discussed the role of state regulation policies as a potential explanation, but did not linked these geographical discrepancies with ecological indicators [13] . However, the availability of medical resources accounts for only a part of the regional differences we discovered across France: as previous research has suggested, differences in medical culture, region-specific attitudes towards caring for nursing home residents and variations in the perception of hospital admissions probably influenced the patterns we found [26, 27] . 
Limitations
Several limitations should be noted. First, our dataset is not based on an exhaustive sample of all nursing home decedents. However, the distribution of our sample appears to be highly representative and weighted factors based on both facility characteristics and regional distribution of the facilities were used in order to adjust the sample. Second, hospital length of stay before death was not taken into consideration, although deaths occurring after hospitalisations longer than 1 week might be associated with events that are not related to nursing home characteristics. Finally, the absence of available data on individual risk factors potentially reduces the precision of our risk-adjustment model. For instance, although previous studies have reported that 42% of nursing home residents in France suffer from dementia [29] , the impact of cognitive impairment (e.g. behavioural disturbances and limited verbal communication abilities) could not be taken into account in the present analysis. Dementia has been found to be associated with a specific pattern of hospitalisation among nursing home residents at the end of life [25, 30] . Recent studies from the United States based on the Minimum Data Set and on other individual claims data provide a more precise assessment [12, 13] . However, this methodological strength might sometimes be a practical weakness: since large-scale individual-based data from nursing homes are available in a very limited number of countries in Europe, researchers are often unable to replicate these studies and thus to compare their results in a meaningful way. Our model remained statistically highly reliable and was based only on a few facility-level characteristics that are easily available and collectable by researchers or public authorities in many other countries.
Implications
Previous research suggested that the place of death of nursing home residents was an important, relevant and reliable indicator for measuring the quality of end-of-life care in these facilities. The proportion of in-hospital deaths is indeed one of the outcomes that are amenable to improvement by nursing homes' staff [12] .
Our study highlights the need for targeted interventions regarding end-of-life care in for-profit facilities and nonhospital-based nursing homes. Until now, the planning of eldercare and end-of-life care policies have been mainly focused on two parameters: age and illness. We also demonstrate that two other dimensions should be taken into account by policy makers in order to reduce inequalities: the characteristics of the facilities and the availability of healthcare resources at the regional level. This is in fact highly consistent with previous studies, showing that both hospitalisations at the end of life and in-hospital deaths are often associated with a lack of on-site primary care clinicians [4, 31] and a high availability of hospital beds [27, 28] . Thus, in regions with greater-than-average in-hospital death rates, healthcare policy makers may reconsider the balance between primary care and acute hospital resources for the care of nursing home residents.
Measuring and understanding inequalities are the first necessary step for establishing appropriate interventions. Since our study was based only on a few facility-level characteristics, its design should be easily replicable in many other countries for useful cross-national comparisons, also in the absence of nationwide individual-based data. In addition, qualitative research is needed to obtain in-depth information about the reasons behind the transitions from nursing home to hospital in the last days of life.
Key points
• A quarter of all nursing home residents died in hospitals.
• Facility-level characteristics have a significant influence on the proportion of in-hospital deaths among nursing home decedents.
• After adjustment for facility-level risk factors, major differences across regions remained.
• The presented model is replicable in many other countries, also in the absence of nationwide individual-based data.
